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Inflammation Inducible Hybrid Promoters, Vectors Comprising Them And 
T h e ir Us es — 



gg 5 The present invention relates to the field of biology. It relates in particular to 

J the field of the regulation of the expression of genes and, more particularly, it 

S3 describes the design and development of a new system for the pharmacological 

q3 regulation of the expression of transgenes. The invention is based in particular on 

^ the use of constructs which make it possible to activate the transcription of the 

O 10 transgene in cells, tissues or organs under inflammatory conditions. The invention 

yj 

thus describes new compositions, constructs and methods allowing the effective 
£2 regulation of the expression of a nucleic acid in vitro, ex vivo or in vivo, for example 

M in chondrocyte cells. The applications which result from the present invention are 

many, in the experimental, clinical, therapeutic or diagnostic fields, for example. 
15 Controlling the level and the duration of the expression of the transgenes is 

necessary for many applications. Thus, gene therapy, the production of recombinant 
proteins in vitro, the construction of transgenic animals, the study of the effects of a 
gene or of the bioavailability of a protein and the like are as many situations in which 
an appropriate control of genetic expression can be implemented and can bring 
20 improvements. 



Gene therapy is aimed more particularly at expressing genes (or nucleic 
acids) which are either defective in a given individual, or which are of therapeutic 
interest in the context of a specific pathology. The expression of these genes 
25 requires, apart from the vectorization procedure, an induction with a promoter which 
binds RNA polymerase and the transcription factors required to obtain the synthesis 
of messenger RNA and therefore protein synthesis. Noninducible viral or eucaryotic 
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promoters are frequently used in gene therapy to express a gene at the level of a 

ti ssue. A lthotrgh-tHs-eas y to carry - out, th i s approach-does not allow4he regula tioa-o£ 

the expression of the transgene according to the environment and the external 
stimuli. Furthermore, the gene directed by a viral promoter will be expressed equally 

Q 

it 5 well in all the cells into which the vector would have penetrated, without any 

05 

P targeting. Finally, experimentalists have sometimes been confronted with the 
weakness of the expression of the viral promoter in vivo in relation to that observed 
83 in vitro. 

m 

Cf 10 Various artificial regulators of transcription have been designed in the prior art, 

M which are activated by a xenobiotic molecule which binds to the promoter sequences 
2£ for transcription of the transgene. 

k h A first illustration of these regulators was constructed by fusion of the E. coli 

Lac repressor with the herpes simplex virus (HSV) VP16 transactivator domain. Two 
15 versions of these regulators exist, one capable of being activated by isopropyl p-D- 
thiogalactoside (IPTG) and the other inactivated by IPTG (Bairn S. et al., Proc Natl 
Acad Sci USA, 88 (1991) 5072-5076; Labow M. et al., Mol. Cell. Biol., 10 (1990) 
3343-3356). 

Another system was constructed by fusion of the E. coli Tet repressor with the 
20 HSV VP16 transactivator domain. Two versions of these regulators also exist, one 
capable of being activated by tetracycline or its derivatives and the other inactivated 
by these same molecules (Gossen M. and Bujard H., Proc Natl Acad Sci USA, 89 
(1992) 5547-5551 ; Gossen M. et al., Science, 286 (1995) 1766-1769). 

Another system was constructed by fusion of the DNA-binding domain of the 
25 S. cerevisiae GAL4 protein with the ligand-binding domain of the human 
progesterone receptor and the HSV VP16 transactivator domain; this version is 
activated by a progesterone analogue such as RU486 (Wang Y. et al., Proc Natl 
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Acad Sci USA, 91 (1994) 8180-8184). A fusion of the drosophila ecdysone receptor 
with the HSV V P 1 6 Ir a n s a c ti va t or -d oma i n has - a l so b ee n deser 



ecdysone and the analogues of this steroid hormone (No D. et al., Proc Natl Acad 
Sci USA, 93 (1996) 3346-3351). Another system takes advantage of the capacity of 
5 certain immunosuppresive molecules (cyclosporin A, rapamycin and its derivatives) 
02 to promote the combination of certain cellular proteins. A transcriptional regulator 
Q3 then consists of two protein subunits; the first may be formed by the fusion of a 

y 



Ms? 



chimeric DNA-binding domain and of three copies of the human FKBP protein and 
the second by the fusion of the rapamycin-binding domain of the human FRAP 
p 10 protein and of the transactivator domain of the human NFkB p65 subunit. This 
transcriptional regulator is activated by rapamycin which allows the dimerization of 
~f£ the two subunits (Rivera V. et al., Nat Med., 2 (1996) 1028-1032). 

Uk Although these systems make it possible to obtain satisfactory levels of 

regulation in some tissues, they exhibit, nevertheless, certain disadvantages which 
15 limit their conditions of use. Thus, these transcriptional regulators are xenogenic 
proteins in humans. They indeed consist of protein fragments obtained from bacteria, 
viruses, yeasts or insects or, when the protein domains are of human origin, their 
joining creates sequences which are foreign to humans. These protein domains may 
therefore induce a cytotoxic immune reaction, causing the destruction of the cells 
20 which express the gene of interest under the control of the xenogenic transcriptional 
regulator, and thus the termination of the expression of the transgene. This situation 
may necessitate the use of repeated administrations of the therapeutic gene, which 
constitutes a major disadvantage, in particular when this involves a traumatic surgical 
act, and which is not always effective, in particular when the vector of the therapeutic 
25 gene is a virus whose first injection causes an immune reaction. In addition, the 
levels of expression observed with the prior art systems of regulation are not always 
satisfactory. 
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The present invention now describes a new improved system for the controlled 

expressi on o f nucleic acids in cell s. This inven tion provides a_hybrid promoter whir,h_ 

is inducible by the principal mediators of inflammation and by exogenous 
m compounds. This promoter preferably leads to the expression of a gene at the level 

few" 

^ 5 of the tissue which is the seat of an inflammation, in response to the mediators 
p synthesized during the inflammatory process. The principal benefit of this promoter 
r~j lies in the possibility of an expression of the gene-medicament which can be 
03 modulated according to the intensity of the inflammation. Furthermore, the 
s expression of the gene maybe increased if NSAIDs are being taken. This is therefore 

H 10 an approach which is transposable to many inflammatory situations for which a gene 
H ; therapy is envisaged. 

p The present invention consists more particularly in the construction of a hybrid 

f? * promoter comprising a module for responding to the PPARs and a module for 

responding to the cytokines produced during inflammation. This second module 

15 comprises more particularly sequences derived from the promoter of the gene for 
type IIA-1 nonpancreatic secreted phospholipase A2 (PLA2s), which is expressed in 
some human cells, in particular the chondrocytes, under inflammatory conditions. 
The combination of these two modules makes it possible to generate a promoter 
allowing a specific expression of genes under inflammatory conditions, which 

20 expression may be increased by exogenous anti-inflammatory medicaments or 
mediators. As will be illustrated in the examples, this hybrid promoter preferably 
possesses a low basal activity, but a very high activity under induction conditions. 
This type of promoter is therefore particularly suitable for the expression of products 
having an anti-inflammatory activity, as will be explained in detail in the remainder of 

25 the text. The promoters of the invention are most particularly advantageous for the 
expression of genes in articular tissues, in particular the chondrocytes, in different 
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pathological situations in which an inflammatory component is present, and in 

particular osteoarthritis: — 

Osteoarthritis is a disease of aging which is accompanied by articular 
destruction which causes a variable degree of invalidity (Chevalier X, 1998). The 
^ 5 treatment of this pathology is currently considered as a priority in terms of public 
M health because of its frequency and the handicap which it causes. From a 
pj physiopathological point of view, even though the mechanisms of initiation still 
remain poorly understood, the tissue target responsible for the articular destruction is 
83 the cartilage, a tissue composed of an extracellular matrix rich in type II collagen and 
q 10 in proteoglycans and articular chondrocytes, sole cartilage cell type, which are 
responsible for the matrix synthesis. The chondrocytes also secrete growth factors 
42 and natural protease inhibitors (anabolic activity) as well as proteases (catabolic 
activity). Physiologically, there is an equilibrium between these activities 
(cartilaginous homeostasis). During osteoarthritis, there is a disequilibrium at the 
15 expense of the anabolic activity because of the stimulation of the synthesis of 
proteases (essentially metalloproteases) and an inhibition of the synthesis of 
inhibitors of metalloproteases (TIMP or tissue inhibitor of metalloproteases) 
(LefebvreV et al., 1997; Dean J et al., 1990; HornebeckW, 1990). These 
modifications in synthesis are due to the presence of pro-inflammatory mediators 
20 produced by the chondrocytes and found in large quantities in the synovial fluids of 
patients suffering from osteoarthritis or from rheumatoid arthritis, cytokines (IL-1, 
TNF) and lipid mediators, in particular prostaglandin E2. This prostaglandin 
stimulates the synthesis of collagen in low concentration like the growth factor but 
inhibits in high concentration (Di Battista JA et al., 1996). 

25 

The present invention now provides hybrid transcriptional promoters which are 
particularly suitable for the expression of therapeutic genes in articular pathologies 
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such as osteoarthritis. In addition, the invention also describes constructs allowing 
screening orthe transfer - and/or of-the expression^of-a-gene -of interest into the_ 
chondrocytes, further improving the advantageous properties of the constructs for 
this type of applications. 

A first subject of the invention consists more particularly in a hybrid promoter 
comprising : 

a) a PPAR response element and 

b) the whole or part of the promoter of the PLA2s IIA gene. 

The present invention consists in particular in the demonstration that this type 
of construct produces a synergistic effect on the expression activity, without impairing 
the regulated and specific (or preferential) nature of inflammatory situations. The 
invention also describes vectors, plasmids and compositions comprising these 
promoters, as well as their uses for the expression of genes in vitro, ex vivo or in 
vivo. 

The first element of the hybrid promoters of the invention therefore comprises 
a PPAR response element. PPARs (Peroxisome Proliferator-Activated Receptors) 
belong to the superfamily of nuclear receptors comprising the receptors for steroid 
hormones, the receptors for thyroid hormones, for renitoic acid and for vitamin D 
(Schoonjans K et al., 1996). PPARs exist in three isoforms: PPARa, PPARp and 
PPARy. The PPARs bind to specific sequences at the level of the promoters of target 
genes (PPRE sequences), and induce the expression of these genes. 

A PPAR response element (PPRE, "Peroxysome Proliferator Response 
Element") is therefore a nucleic acid region capable of binding a PPAR, it being 
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possible for the binding of the PPAR to then mediate a signal around neighboring 
nucleic r e g i ons, in particular the regions-derived— from PLA2 s a cco rd ing to th e. 



invention. A PPAR response element according to the invention is more particularly a 
nucleic acid region capable of binding a PPAR, whether it is a PPARa, p or y. It is still 
P 5 more preferably a nucleic acid capable of binding a PPARa or a PPARy. For carrying 
out the invention, the PPAR response element comprises more particularly one or 
more PPAR-binding sites. Such binding sites have been described in the prior art, 
such as, for example, in different human promoters (consensus site DR1, gene for 
apolipoprotein All, for example). Such sites may also be artificially constructed, and 
% % 10 tested for their PPRE properties, as is described below. 

W In a specific embodiment of the invention, the PPAR response element 

comprises one or more sites having the sequence CAAAACTAGGTCAAAGGTCA 
(SEQ ID NO:1) or functional variants of this sequence. The sequence SEQ ID NO: 1 
corresponds to the consensus region DR1. 
15 The term functional variant designates any modified sequence conserving the 

properties of PPRE as mentioned above, that is to say in particular the capacity to 
bind a PPAR. The modifications may comprise one or more additions, mutations, 
deletions and/or substitutions of nucleotides in the sequence considered. These 
modifications may be introduced by conventional molecular biology methods, such 
20 as in particular site-directed mutagenesis or, more practically, by artificial synthesis 
of the sequence in a synthesizer. Generally, the variants conserve at least 50% of 
the residues of the initial sequence indicated. More preferably, the variants possess 
modifications affecting less than 8 nucleotides in the sequence considered. The 
variants thus obtained are then tested for their PPRE activity. This property may be 
25 checked in various ways, and in particular: 
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(i) by bringing the test sequence into contact with a PPAR (for example in an 
acellular test), and~~cl e t ec t i n g th e f ormation-of — a co m pi ex (for— example by gel- 



migration retardation); 

(ii) by inserting the test sequence into an expression cassette comprising a 
minimal promoter and a reporter gene, introducing the cassette into a cell, and 
02 detecting (where appropriate assaying) the expression of the reporter gene in the 
5 presence and in the absence of a PPAR and of a ligand for a PPAR; 

hi 

p (iii) by any other technique known to a person skilled in the art, making it 

55 possible to detect the interaction between a nucleic acid and a protein, for example. 
p10 A variant is considered to be functional for the purpose of the present 

invention when the activity measured, for example in (ii) above, is preferably at least 
equal to 50% of that measured with a site having the sequence SEQ ID NO:1, more 
yl preferably at least equal to 75%. Functional variants of PPAR-binding sites for the 
purpose of the invention are described, for example, in Juge-Aubry et al. (J. Biol. 
15 Chem. 272 (1997) 25252) and in Nakshatri et al. (NAR 26 (1998) 2491), which are 
incorporated into the present application by way of reference. 

Specific examples of PPAR response elements according to the invention are 
represented by the elements (DR1)2 17 (SEQ ID NO :2), (DR1)2 21 (SEQ ID NO :3) 
and (DR1)2 31 (SEQ ID NO :4) as described in the examples, or functional variants 
20 thereof. 

Another variant is a fragment having the sequence SEQ ID NO :1, comprising 
residues 8-20 thereof. 

The sequences SEQ ID NO :1-4 according to the invention represent PPREs 
25 essentially corresponding to PPARa and y. As illustrated in the examples, these 
sequences possess high inducibility by the PPARs, linked in particular to the 
particular arrangement of the binding sites. In this regard, a particular subject of the 
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invention also consists in a nucleic acid comprising a sequence chosen from SEQ ID 

-NOS-r2=4^ 



According to another particular embodiment, the PPAR response element 
P 5 comprises one or more J sites of the human apoAII promoter (nucleotides -734 to 
qj -716) or functional variants of this sequence, which corresponds to activation by the 
PPARps. 



UJ As indicated above, in the compositions according to the invention, the PPAR 

65 

qj response element may comprise several sites for binding to a PPAR. This may be a 

.10 repetition of the same site, or combinations of different sites, the repetition of 



UJ identical sites being preferred. More particularly, the response element comprises up 
to 30 binding sites, preferably from 3 to 20, more preferably from 1 to 5. A preferred 
F J embodiment of the invention is a construct comprising 2 DR1 binding sites, the 
results presented in the examples showing the advantageous properties of such 
j^k^15 constructs in terms of induction and of levels of expression, in particular \x\J$!$ 
chondrocyte cells (SEQ ID NO : 2-4). 

For the preparation of a hybrid promoter according to the invention, the PPAR 
response element (a) is combined with the whole or part of the PLA2s IIA-1 promoter 
20 (element b)). 

The nonpancreatic secreted phospholipase A2 is a protein activated by 
interleukin-1 beta, and leads to the production of inflammation mediators, in 
particular lipid mediators (prostaglandin E2). In particular, prostaglandin PEG2 is 
derived from the activation, by interleukin-1 (IL-1), of nonpancreatic secreted 
25 phospholipase A 2 (PLA 2 s) (Nevalainen TJ et al., 1993; HulkowerKJ, 1997) and 
releases arachidonic acid from phospholipids and of inducible cyclooxygenase 
(COX-2) (Amin AR, 1997; Geng Y et al., 1995; Knott et al., 1994), the latter converts 
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the arachidonic acid to PGH2. PGH2 is then converted to PGE2 by PGE synthase. 



3s i 



1 wo types ot phospho1tp^B~A^have^en-tden t i fi e d in human cellsnn particular the- 
chondrocytes. The nonpancreatic secreted phospholipase A 2 (PLA 2 s) is a 14 kDa 
protein which is abundantly synthesized and secreted in inflammatory synovial fluids 
5 (Seilhamer JJ et al., 1989). Cytosolic phospholipase A 2 (PLA 2 c) is a cytosolic protein 
85 of 85 Kda whose activation occurs via its phosphorylation by the MAP kinases and its 
gj translocation to the membrane (Clark JD et al., 1991). IL-1 induces the expression of 
i$*t! the COX-2 and PLA 2 s genes without affecting that of the PLA 2 c gene in tte 
T m chondrocytes (Berenbaum F et al., 1994; Jacques C et al., 1997). The levels of 

5 

^10 secreted PLA 2 in the joint and in the serum are correlated with the level of 
■*? inflammation, in particular the level of osteoarthritis in the case of the chondrocytes 

huh 

*p (Pruzanski W et al., 1994; Lin M et al., 1996). The cooperation between PLA2s and 
COX-2 results in a sustained production (>48 hours) of prostaglandin PGE2 under 
IL-1 (3 stimulation (Bingham CO et al., 1996; Kuwata H et al., 1998) whereas PLA2c 
15 and the constitutive cyclooxygenase COX-1 would be responsible for an early 
response. In our previous studies, a correlation had been shown between the 
synthesis of PGE2 and the level of activity of PLA 2 s linked to the chondrocyte 
membranes (Jacques C et al., 1997). 

The present invention now proposes using the whole or part of the promoter 
20 of the PLA2s gene for regulating the expression of nucleic acids of interest, in 
therapeutic applications in particular. The invention proposes in particular using the 
whole or functional parts of the PLA2s HA promoter for the construction of a 
regulated hybrid promoter active in cells exhibiting an inflammatory situation. In this 
regard, the applicants have shown that a fragment of 247 base pairs upstream of the 
25 first exon of the human gene for PLA2s IIA (SEQ ID NO :5) was responsible for a 
stimulation 6 to 8 times the activity of the CAT reporter gene by IL1p in rabbit 
chondrocytes in primary culture. Three regulatory regions were characterized in this 
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promoter: the proximal region (-85/-114) ensures a basal transcriptional activity and 
-b i n d s t h e factof-Sp^ ; th e d is ta l re g i o n ( - 2 4 77 - 2 1 0) b i nds ^roerobefs-oiihe- NF1 f a m il y _ 



and the receptor for the glucocorticoids, which stabilize the binding of the C/EBP 
factors between positions -198/-190 relative to the site of initiation of transcription. 
Hi 5 The family of C/EBP factors comprises three principal activating members C/EBPa, 
W C/EBPp and C/EBP5. The factors C/EBPp and C/EBP5 are activated at the 



gj transcriptional and post-transcriptional level by the pro-inflammatory cytokines. They 
are expressed in the chondrocytes whereas C/EBPa is not. C/EBPp and C/EBP8 are 



~* responsible for the activation of the transcription of the gene for SPLA2-IIA by IL1p. 

Q 10 The applicants have now shown that they are also critically involved in the induction 

lij 

of the transcription of the gene for COX-2 by IL-1p in human and rabbit 
^ chondrocytes. 

M In a specific embodiment, element b) of the hybrid promoters of the invention 

/t^^ comprises the whole or part of the sequence SEQ ID,M:5 or of a functional 

^ 15 derivative thereof. The sequence SEQ ID NO :5 corresponds to nucleotides -247 to 

+20 of the human gene for PLA2s MA (residues 5 to 271 ). 

The term « part » designates more particularly any fragment of the sequence 
considered which conserves biological functionality. This is more particularly a part 
ensuring a basal transcriptional activity for the hybrid promoter (TATA box, for 
20 example) and a character regulatable by the inflammation mediators, in particular by 
interleukin-ip. 

In this regard, a preferred variant of the invention relates to a hybrid promoter 
comprising at least part of the PLA2s MA promoter conferring induction by interleukin- 
ip. 

25 More particularly, element (b) of a hybrid promoter according to the invention 

may comprise the following sequences: 
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- at least residues 51 to 61 of SEQ ID NO :5 (corresponding approximately to 
residues -200/-191 of the human PLA2s IIA gene), involved in the reg ulation byJLl^ 
and/or, 

- at least residues 23 to 32 of SEQ ID NO :5 (corresponding approximately to 
5 residues -229/-220 of the human PLA2s IIA gene), representing a half site NF1 and 

a half site GRE (these sequences are involved in the regulation by certain 
compounds such as dexamethasone), and/or 

- at least residues 148 to 155 of SEQ ID NO :5 (corresponding approximately 
to residues -104/-97 of the human PLA2s IIA gene), involved in the binding of Sp1, 

10 and/or 

- at least residues 5 to 170 of SEQ ID NO :5 (corresponding approximately to 
residues -247/-8S of the human PLA2s IIA gene), or alternatively 

- at least residues 51 to 170 of SEQ ID NO :5 (corresponding approximately to 
residues -200/-85 of the human PLA2s IIA gene). 

15 

A specific example of a hybrid promoter comprises a PPAR response element 
(DR1)2 21 linked to fragment -247/+20 of the PLA2s IIA gene. Such a promoter 
comprises the sequence SEQ ID NO :6, which is also a specific subject of the 
present invention. In this sequence, the PPRE element essentially corresponds to 
20 residues 13-53 and the PLA2s element to residues 62-332. Residues 1-12 and 54- 
61 correspond to neutral regions from the functional point of view, resulting from 
clone steps and making it possible to modify the structure of the promoter (cloning 
sites). 

Of course, sequence variations may occur in the regions considered, without 
25 substantially affecting the transcriptional activity of the hybrid promoter of the 
invention (mutations, deletions, substitutions, insertions and the like), in particular on 
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one to five bases. It is understood that such variants represent specific embodiments 
of-lhie_present-invention. 

The PPAR response element (PPRE) and the region derived from PLA2s IIA 
are functionally arranged in the hybrid promoter of the invention, that is to say such 
that the hybrid promoter exerts a transcriptional activity in the presence of 
inflammation mediators, preferably regulated by the PPRE.element. 

Preferably, element a) is positioned upstream (in 5') of element (b) in the hybrid 
promoter (cf. Figure 1). This configuration indeed makes it possible to ensure a high 
and regulated level of expression in the cells, in the presence of inflammation 
mediators (LTB4) and/or of PPAR activators. 

The different functional domains above can be linked directly to each other, or 
separated by or combined with nucleotides which do not significantly affect the 
regulated nature of the promoter. Such nucleotides may be residues which are 
neutral from the functional point of view, resulting for example from cloning steps 
(PCR ends, restriction sites and the like). These nucleotides may also possess 
biological properties, making it possible to confer improved characteristics or 
performance on the system of the invention (enhancer of housekeeping genes, 
tissue-specific enhancer, silencer, intron, splicing site and the like). In this regard, in 
a particular embodiment of the invention, the hybrid promoter comprises, in addition, 
an element c) conferring tissue specificity. This element c) may be located between 
elements a) and b), or downstream (3*) of element b). The term « tissue specificity » 
designates a preferential or predominant expression in a given (type) of cells, without 
however completely excluding a residual or lower expression in other cells. 

A specific embodiment of the invention consists more specifically in a hybrid 
transcriptional promoter comprising, in the 5'->3' orientation : 
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a) a PPARa and/or y response element preferably comprising the whole or part of a 
-sequen c e SEQ I B -N€> :1 to 4 , 



03 



b) the whole or part of the sequence SEQ ID NO :5, and 

c) where appropriate, an element conferring tissue specificity. 



In a specific application, element c) confers specificity of expression for the 
S3 chondrocyte cells, and in particular it comprises the whole or part of the sequence 

SEQ ID NO :7 or of a variant thereof. This type of promoter is particularly suitable for 
the regulated and selective expression of nucleic acids in the chondrocytes, in 
C3 10 particular in an inflammatory situation (osteoarthritis). 

The cartilaginous matrix consists of a large number of collagenous and 
noncollagenous proteins. Some genes encoding proteins of this matrix are 
specifically expressed by the chondrocyte like the genes for type II collagen, 
agrecan, matrilin-1 (or cartilage matrix protein) and chondroadherin. The latter two 
15 proteins interact specifically with integrins synthesized by the chondrocytes and are 
responsible for anchoring of the cell to the other components of the matrix 
(Makihira S et al., 1999; Camper L et al., 1997). The expression of the genes for type 
II collagen and agrecan have been widely cited in the literature as positive markers of 
chondrocyte differentiation whereas the synthesis of type I collagen marks a 
20 phenomenon of dedifferentiation (Benya P et al., 1986). The group of Pr de 
Crombrugghe has identified a sequence of 18 base pairs which is necessary and 
sufficient to direct the expression of type II collagen in the chondrocytes. This 
sequence binds a nuclear factor (SOX9) which is moreover thought to be involved in 
chondrocyte differentiation (Mukhopadhyay K et al., 1995; Zhou G et al., 1995). This 
25 factor is colocalized with the expression of type II Collagen in the primary 
chondrocytes. It binds to the sequence CATTCAT at the level of the promoter of the 
type II collagen gene and activates its transcription. 
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For the gene of interest to no longer be expressed only in an inducible manner 

but also specifically in the chondrocyte, elements of the promoter of type II collagen 

which are capable of binding the SOX factors (SOX9, SOX6 and L-SOX5) 
(Mukhopadhyay K et al., 1995; Zhou G et al., 1995; Lefebvre V et al., 1997) may be 
^ 5 integrated. A nucleotide sequence described by Zhou et al. (1995) and Lefebvre V et 
€1 al. (1997) formed of a duplicate of 231 bp of the first intron of type II collagen may be 
p used. This construct proved to be the most effective in the system. It can be inserted 
c ? downstream of the hybrid construct (DR1)2 21 -promoter of sPLA2 IIA, by including 
03 splice donor (SD) and acceptor (SA) sites on either side, this being with the aim of 
^10 constituting a first synthetic intron following the first exon of 20 untranslated base 
W pairs of the gene for SPLA2-IIA as schematically represented in Figure 7A. The 
M insertion of a first intron generally facilitates the expression of the transgene situated 
IX downstream. This insertion would make it possible, on the one hand, to restrict and, 
on the other hand, to enhance the expression of the transgene in the chondrocytes 
15 by virtue of the presence of the site for the Sox9 factor. In another construct, the 
sequence containing the sites for binding the Sox factors as a promoter may be 
inserted before the sites for binding the PPARs as schematically represented in 
Figure 7B. 

20 Another subject of the invention relates to any nucleic acid comprising a hybrid 

promoter as defined above and a gene of interest. The gene of interest may be any 
nucleic acid (cDNA, gDNA, synthetic or semisynthetic DNA, RNA, and the like), of 
diverse origin (of animal, human, plant, bacterial, viral or artificial origin, and the like), 
encoding a product of interest (RNA, polypeptide or peptide). It is advantageously a 

25 nucleic acid encoding an anti-inflammatory product, that is to say a product capable 
of restoring or of reducing the inflammatory phenomena in a cell, tissue or organ. 
Among the anti-inflammatory products, there may be mentioned in particular TIMP or 
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other cytokines or enzymes capable of reducing the inflammatory phenomenon. The 
p r od u ct oHnterest-may-be— more- generally, any e n zyme, hormone, growth-factor, 
antibody, immunogenic peptide, lipoprotein, toxin, antibody or antibody fragment, 
antisense, transcription factor and the like, of therapeutic or vaccinal interest. 

The gene of interest is generally placed downstream (3') of the hybrid 
promoter, under the transcriptional control of the latter. Thus, a preferred nucleic acid 
for the purposes of the invention comprises, in the 5'->3' orientation : 

a) a PPARct and/or y response element preferably comprising the whole or 
part of a sequence SEQ ID NO :1 to 4, 

b) the whole or part of the sequence SEQ ID NO :5, 

c) where appropriate, an element conferring tissue specificity, and 

d) a gene encoding a product of interest, in particular of therapeutic or 
vaccinal interest. 

Another subject of the invention consists in a vector comprising a hybrid 
promoter or a nucleic acid as defined above. The vector may be of varied, in 
particular plasmid, episomal, chromosomal, viral or phage, nature and/or origin, and 
the like. Preferably, the vector is a plasmid or a recombinant virus, more preferably a 
plasmid. 

As an example of a viral vector, there may be mentioned in particular a 
recombinant adenovirus, a recombinant retrovirus, an AAV, a herpesvirus, a vaccinia 
virus and the like, whose preparation may be carried out according to methods 
known to persons skilled in the art. 

As regards the plasmids, there may be mentioned any replicative or 
integrative plasmid which is compatible with use in mammalian, in particular human, 
cells. 
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Another subject of the invention consists in a composition comprising a nucleic 
acid or a vector as d ef i n ed~a bove . The co mpo sition m a y contain, mQreover,^aay~ 
vehicle acceptable for administration in vivo or ex vivo of constructs (in particular any 
pharmaceutical^ acceptable vehicle), and/or for a stable storage thereof. As vehicle, 
m 5 there may be mentioned in particular isotonic, buffered, saline solutions optionally 
comprising additives such as high-molecular weight proteins or polymers. Moreover, 



li the compositions of the invention may comprise agents which facilitate the 

penetration of the genetic constructs of the invention into cells. There may be 

W mentioned in particular lipids, polymers, peptides and the like, which make it possible 

yj 

s 10 to improve cellular transfection. 

To this effect, a particular composition according to the invention comprises 
one or more polycationic lipids, optionally coupled to polycationic polymers. This type 
of formulation is particularly suitable for the transfer of genes into the chondrocytes, 
which are surrounded by a matrix rich in negatively charged proteoglycans. 
15 Polycationic lipids can therefore become easily integrated into this matrix. The 
addition of polycationic polymers such as PEI (polyethylenimine) comprising 
incompletely protonable amines at the physiological pH makes it possible to increase 
the efficiency of transfection of the chondrocytes. These amines function as a 
sponge for protons with endosomolytic properties. The combination consisting of the 
20 cationic lipids, the PEI and the plasmid carrying the transgene constitutes a particular 
composition which is preferred in the context of the present invention. 

Moreover, the compositions of the invention may also comprise one or more 
targeting elements which make it possible to ensure a preferential transfection 
toward desired cell types. In this context, the targeting elements may consist of 
25 ligands for specific receptors, receptors for ligands, antibodies or antibody fragments, 
and the like. 
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For targeting toward chondrocyte cells, a preferred composition for the 
purposes of the invention comprises, in addition, one or more molecules which 
possess affinity for the chondrocyte membrane. Among these proteins, there may be 
mentioned in particular the Chondroadherin protein, which interacts with a good 
affinity with integrin alpha2 beta! of the chondrocytes (Camper L et al., 1997). It is a 
small protein of 36 kDa, rich in leucine. This protein may be produced (for example in 
a recombinant baculovirus), purified and incorporated into a composition (in 
particular a liposome) of the invention. The hydrophobicity of the protein can, 
moreover, be increased by addition of a farnesylation sequence at the C-terminal like 



* 10 the Q-Ras4B end (Leevers SJ et al., 1994; Stokoe D et al., 1994; Zlatkine et al., 



1997). 

It is understood that any other targeting element may be envisaged, 
depending on the desired applications. 

Moreover, another subject of the invention further consists in a composition 

15 comprising (i) a nucleic acid or a vector as defined above and (ii) a PPAR activator, 
for use simultaneously, separately or spaced out over time. 

As indicated above, the hybrid promoters comprise a PPAR response 
element. This PPAR may be released (or induced) into the cells, for example in an 
inflammatory situation, or also in the presence of exogenous activators (i.e. added or 

20 administered). In this context, the expression « for use simultaneously, separately or 
spaced out over time » indicates that the vector and the activator may be prepared 
separately, packaged separately and used sequentially, to allow control of the 
expression of the nucleic acid of interest. Typically, the vector and the activator are 
packaged separately and used spaced out over time, the combination of these 

25 different elements in a cell, tissue or organ, and the like, leading to the desired effect 
of regulating or enhancing expression. 
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Depending on the hybrid promoter or the desired applications, various types of 
gapds t -natufa]-o r synthe tic , may be -usecU hus , this may be prefe ra 
activator and/or a PPARp activator and/or a PPARa activator. 

The PPARy-activating ligands may be chosen from natural or synthetic 
p 5 ligands. As natural ligands, there may be mentioned fatty acids and eicosanoids (for 
example linoleic acid, linolenic acid, 9-HODE, 5-HODE) and, as synthetic ligands, 
there may be mentioned thiazolidinediones, such as in particular rosiglitazone 
(BRL49653), pioglitazone or troglitazone (see for example KreyG. et al., Mol. 
X Endocrinol., 1 1 (1997) 779-791 or Kliewer S. and Willson T., Curr. Opin. in Gen. Dev. 
' 10 8 (1998) 576-581), the compound RG 12525 or 15 dioxy-Al2-14 PGJ2. 

is?*" 

UJ The PPARa-activating ligands are, for example, the fibrates such as fibric acid 

and its analogs. As analogs of fibric acid, there may be mentioned in particular 
gemfibrozyl (Atherosclerosis 114(1) (1995) 61), bezafibrate (Hepatology 21 (1995) 
1025), ciprofibrate (BCE&M 9(4) (1995) 825), clofibrate (Drug Safety 1 1 (1994) 301), 
15 fenofibrate (Fenofibrate Monograph, Oxford Clinical Communications, 1995), 
clinofibrate (Kidney International. 44(6) (1993) 1352), pirinixic acid (Wy-14,643), 
5,8,11,14-eicosatetranoic acid (ETYA), or the nonsteroidal anti-inflammatory agents 
(NSAID) such as ibuprofen and indomethacin. These different compounds are 
compatible with a biological and/or pharmacological use in vitro or in vivo. 

20 

Moreover, the compositions according to the invention may comprise several 
PPAR activators in combination, and in particular a fibrate or a fibrate analog 
combined with a retinoid. 
These different ligands may be used at conventional doses which are described in 
25 the prior art and are illustrated in the examples. 
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The compositions according to the invention may be formulated in any suitable 
- type of material, such as a tub e , ampoul o , bag, vi al , s yr i ng o and the like, and stored 



ft* 
Ma? 

y 



C3. 



in the cold (or frozen) or in freeze-clried form. 

The invention may be used for expressing a gene in various types of cell, 
5% 5 tissue or organ, in vitro, ex vivo or in vivo. In particular, this may be a mammalian, 
03 preferably human, cell, tissue or organ, in particular in an inflammatory state. By way 

of illustration, there may be mentioned chondrocyte cells (or cells of the bone matrix) 
muscle cells (or a muscle), hepatic cells (or the liver), cardiac cells (or the heart, the 

Ms?' 

Q| arterial or vascular wall), nerve cells (or the brain, the marrow and the like) or tumor 

10 cells (or a tumor). 

Preferably, the constructs, compositions and method of the invention are used 
for the regulated expression of a nucleic acid in a chondrocyte eel! in vitro, ex vivo or 
in vivo. The results presented in the examples illustrate more particularly the 
advantages of the invention in vivo or in vitro in this type of cells. 
15 The invention also relates to the use of a vector as defined above for the 

preparation of a composition intended for inducing the expression of a gene in a 
tissue in an inflammatory situation. It also relates to a method for the expression in a 
gene in a tissue in an inflammatory situation, comprising the administration of a 
vector or of a composition above to a subject. 
20 Advantageously, it involves a use or a method for the expression of a gene in 

a chondrocyte. 

The invention also relates to the use of the above nucleic acids, vectors or 
compositions for the treatment of osteoarthritis. 

For a use in vitro or ex vivo, the cells may be brought into contact with the 
25 compositions or vectors of the invention according to various protocols. Thus, the 
cells in culture may be incubated directly with the vectors or compositions of the 
invention, for example with a vector comprising the hybrid promoter and a gene of 



* # 
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interest, where appropriate in the presence of the activator. Alternatively, the cells 
HnGubated4n a first stage w4th4he-vector_or- nucleic_acid_and_.then, in a second 
stage (after culture and optionally selection of the modified cells), the activator may 
be added. These experiments may be carried out in any appropriate medium and 
device, preferably in a plate, dish, flask, under sterile conditions. The quantities of 
cells, vector and ligand can be easily adapted by persons skilled in the art, on the 
basis of the information provided in the examples and of their general knowledge. 
Q? For a use in vivo, the cells (or organs, tissue and the like) are brought into 

83 contact by administration of the nucleic acids, vectors or compositions in vivo, 

w 10 simultaneously, separately or spaced out over time. To this effect, the vectors, 
Q compositions or nucleic acids are generally administered by the parenteral, in 

particular intramuscular, intravenous, subcutaneous, intradermal, intratumoral, 
intrabone, intraarticular or stereotaxic route. The choice of the mode of 
administration may be guided by the application envisaged, the tissue targeted 
15 and/or the type of product of interest encoded by the transgene. For this 
administration, the compositions of the invention may comprise any agent promoting 
cellular transfection (cationic polymer, lipid and the like). 

The activator may be administered before, simultaneously or after the vectors 
or nucleic acids. In this regard, the administration of the ligand may be carried out by 
20 the oral, anal, intravenous, intraperitoneal, intraocular or intramuscular route, for 
example. 

The doses used may be adapted by persons skilled in the art, on the basis of 
the in vivo data published in the literature. Thus for example, for a form not soluble in 
water, typical doses of ligand such as BRL 49653 are between 5 and 50 mg/kg, for 
25 example 30 mg/kg, which make it possible to obtain a plasma concentration close to 
about 15 pg/ml at least. For a water-soluble form of ligand, whose bioavailability is 
greater (for example a maleate salt of BRL49653), the typical doses are lower, 



1 
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generally less than 5 mg/kg, for example from 0.01 to 1 mg/kg. These doses can be 
quite obviously adapted by persons skilled in the art a s a functiQD^afJhe constructs- 

used, the ligands used, and the desired applications and effects. Moreover, repeated 

administrations of ligand may be carried out. 
p 5 In general, the doses of vector used may vary between 0.01 and 1000 pg, or 

|| more, depending on the desired applications. 

m 

yj In a typical experiment, a vector according to the invention is administered by 

^ the local route (directly into the affected tissue, for example the seat of inflammation, 

Ms? 

10 in particular by the intraarticular route) in the presence of a transfecting agent. Under 
jjj the effect of the mediators released by the cells (PG2, IL1, LTB4, and the like), an 
*g* expression of the gene of interest is observed which may be stimulated or enhanced 
□ by administration of one or more PPAR ligands, as defined above, or in the presence 
of endogenous PPARs. 
15 Thus, the release of arachidonic acid and of other fatty acids by 

phospholipases A 2 results in the synthesis of other icosanoids and lipid mediators. 
These mediators activate the transcription factors PPARs (Peroxisome Proliferator- 
Activated Receptors). These factors are also activated by certain medicaments such 
as hypolipemic fibrates, the thiazolidinediones used in diabetes and the nonsteroidal 
20 anti-inflammatory drugs (NSAIDs) (Lehmann JM et al., 1997). The chondrocytes 
express the PPARa and PPARy factors (Bordji et al., J. Biol. Chem., in press). The 
icosanoids (derivatives of arachidonic acid) such as the prostaglandins (PGE2, 
PGJ2) induce PPARy (Kliewer SA et al., 1995; Krey G et al., 1997); in particular, 
prostaglandin 15 dioxy A12-14 PGJ2 is the most potent activator of PPARg. The 
25 leukotriene LTB4 and the fibrates activate PPARa (Devchand RP et al., 1996) and 
the long fatty acids activate the two isoforms PPARa and y. 
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The results pr o s o nt o d i n th e e xamp le s i ll ustrate ahe^ynejgistic^^ 

the hybrid promoters, in the presence of two activating signals. 

The invention also relates to any cell modified by bringing into contact with a 
composition or a vector as defined above, especially any mammalian, in particular 
human, cell, more specifically chondrocytes. 
S3 The invention also relates to various fragments of the PLA2s promoter as 

described above, which can be used for example to confer a regulatable character to 
10 promoters. 



m 



i ii 



The present invention will be described in greater detail with the aid of the 
following examples which should be considered as illustrative and nonlimiting. 

1 5 LEGEND TO THE FIGURES 



Figure 1 : Schematic representation of a hybrid promoter of the invention controlling 
the expression of TIMP1 . 

Figure 2: Gel retardation binding analysis. The radiolabeled sequences DR1, 
20 (DR1)2 17 , (DR1)2 21, (DR1)2 31 are incubated with 5 or 10 \xl of Cos-1 extracts 
enriched with PPARy and RXR. Lanes 1, 4, 7, 10 correspond to 5 \x\ and lanes 2, 5, 
8, 1 1 to 10 nl of extracts. Lanes 3, 6, 9 and 12 correspond to 10 |il of nontransfected 
Cos-1 extracts. 

Figure 3 : Quantification of the radioactivity obtained in the dimeric and tetrameric 
25 bands and the free probe (PPARy). 
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Figure 4 : Quantification of the radioactivity obtained in the dimeric and tetrameric 
bands a nd t h e fr ee p robe (PPARa) ; — — 



Figure 5 : Effect of PGJ2 (PPARy inducer) and Wy-14643 (PPARa inducer) on the 
synthetic promoters. 

4i 5 Figure 6 : The rabbit chondrocytes were transfected with the plasmid containing the 
m element (DR1)2 21- (-247/+20)sPLA2-CAT. The different inducers mentioned above 

are added to the culture medium. 

Figures 7A and 7B : Schematic representation of the constructs into which elements 
of the type II collagen promoter capable of binding the SOX factors have been 
10 integrated respectively downstream and upstream of the hybrid construct (DR1)2 21 
-promoter of sPLA2 1 1 A. 



MATERIALS AND METHODS 



1- Cell cultures and transfections. 



15 The hind and forelegs of 3-week-old prepubescent rabbits (Fauve de 

Bourgogne) were dissected and chopped up under sterile conditions. The cartilage is 
removed with a scalpel and then the chondrocytes are dissociated by means of 
proteolytic enzymes: hyaluronidase 0.05% for 15 minutes, trypsine 0.25% for 30 
minutes and collagenase 0.2% for 90 minutes. Finally, the HAM's F12 medium is 

20 added for 60 minutes. The suspension of chondrocytes is cultured in dishes 6 cm in 
diameter (150,000 cells per dish) in the presence of HAM's F12 medium containing 
10% fetal calf serum. Under these conditions, the chondrocytes have a differentiated 
phenotype as the production of type El collagen demonstrates. 

When these cells reach preconfluence (6 to 7 days), they are transfected with 
25 the various constructs using the calcium phosphate method. 
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2- Measurement of the CAT and B-galactosidase activities. 

The CAT activity is measured according to the double liquid pnase technique 
according to Desbois et al. (1992). The p-galactosidase activity is measured with the 
aim of normalizing the variations in the transfection efficiency. 

3- Preparation of the nuclear proteins and retardation experiments in 
electrophoresis. 

The Cos-1 cells (transformed monkey kidney fibroblasts) are transfected 
according to the abovementioned calcium phosphate technique using 20 |j,g of 
vectors for expression of PPARy, PPARa or RXR. Non-transfected Cos-1 cells will 
serve as control. 48 hours after the transfection, the cells are incubated with a buffer 
containing KCI (0.45 M), Tris-HCI (20 mM, pH=7.5) and 10% glycerol. They are 
detached by scraping and then disrupted by cooling to -80°C and thawing at 37°C. 
These cells are then centrifuged at 15,000 rpm, for 10 minutes at 4°C. The 
supernatant is then frozen at -80°C and used for the gel retardation experiments. 

4- Gel retardation experiments. 

The sequences DR1, (DR1)2 17, (DR1)2 21, and (DR1)2 31 are radiolabeled 
by means of the Klenow fragment of DNA polymerase using [a- 32 P]dCTP. One 
hundred thousand cpm (0.4 ng) of the radiolabeled probes are incubated, for 30 
minutes at 4°C, with increasing quantities of Cos-1 extracts enriched with PPAR and 
RXR (as indicated in the legend to the figures) and with a specific binding buffer (KCI 
100 mM, Hepes 40 mM, pH 7.5, NP40 0.1%, ZnCI 2 0.5 mM, PEG 8%). The mixture 
is then deposited on an acrylamide/bisacrylamide gel (5%, TBE 0.25 X) and run for 2 
hours 30 min at 200 volts. The gel is then dried and autoradiographed. 
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5- Molecular biology 

The~nrtethodscommercially used in mo l ecular b i o l ogy s u ch-as-preparatlve. 

extractions of plasmid DNA, centrifugation of plasmid DNA in a cesium chloride 
gradient, electrophoresis on agarose gels, purification of DNA fragments by 
electroelution, precipitation of plasmid DNA in saline medium with ethanol or 
isopropanol, transformation in Escherichia coli are well known to persons skilled in 
the art and are widely described in the literature (Sambrook et al., "Molecular 
Cloning, a Laboratory Manual", Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989). 

The plasmids are of commercial origin. 

The enzymatic amplification of the DNA fragments by the PCR technique 
(Polymerase Chain Reaction) may be carried out using a DNA thermal cycler™ 
(Perkin Elmer Cetus) according to the manufacturer's recommendations. 

The electroporation of plasmid DNA into Escherichia coli cells may be carried 
out with the aid of an electroporator (Bio-Rad) according to the manufacturer's 
recommendations. 

The verification of the nucleotide sequences may be carried out by the method 
developed by Sanger et al. (Proc. Natl. Acad. Sci. USA, 74 (1977) 5463-5467) 
using the kit distributed by Applied Biosystems according to the manufacturer's 
recommendations. 

EXAMPLES 

In the experimental section which follows, there have been described the 
construction and use of several hybrid promoters of the invention, comprising an 
element inducible in particular by IL1b and an element inducible by icosanoids, fatty 
acids and nonsteroidal anti-inflammatory agents (NSAID). 
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The first module comprises in particular the region [-247; +20] (relative to the 
s i t e o f i nit 4atiorM>^^r^riptto^ Th i s re gioru cont ai n s-ih e TATA -box-anct 

the proximal element (-114/-85) which is essential for the transcriptional activity and 
which binds the ubiquitaire factor Sp1. It also comprises the site C/EBP (-198/-190) 
essential for stimulation by IL-ip and the element [-247/-210] which enhances the 
activity of the C/EBP factors. Furthermore, this module contains a glucocorticoid 
response element capable of relaying induction by these hormones. 

The addition of the second module is intended to enhance the induction during 
the inflammatory process by the mediators derived from the fatty acids produced by 
the inflammation (prostaglandins, leukotrienes) or by exogenous compounds (fibrate, 
nonsteroidal anti-inflammatory drugs-NSAID). This module comprises a PPARs 
response element (PPRE) situated upstream of the first module. 

EXAMPLE 1: Construction of PPAR response elements 

This example describes the construction and functional analysis of several 
PPAR response elements which can be used in the hybrid promoters of the 
invention. 

1- Production of a PPARs response unit of high affinity 

In order to obtain optimum induction by the PPAR ligands, several 
arrangements of PPRE multimers were designed and synthesized. The sequence of 
these regions is given below. 
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The element DR1 is the consensus site for binding of the heterodimer 
^AR/RXR— Th e e l e ment s- (DR1)2 17, (DR1)2 21 and (DR1)2 31 cons isLot-two- 
DR1s separated center to center by 17, 21 and 31 base pairs respectively. 



DR1 (SEQ ID NO: 1) 

rj : 

3j 5 CAAAACT AGGTCA A AGGTCA 



(PR1)2 17 (SEQ ID NO:2) 

CAAAACT AGGTCA A AGGTCA AAACT AGGTCA A AGGTCA 
( PRD2 21 (SEQ ID NO: 3) 

CAAAACT AGGTCA A AGGTCA t CAAAACT AGGTCA A AGGTCA 



§ 10 (DRD2 31 (SEQ ID NO: 4) 

CAAAACT AGGTCA A AGGTCA tgtctttaggcc CAAAACT AGGTCA A AGGTCA 



2- Binding experiments 
2-1 binding of PPARy 

In order to verify the functional nature and the efficiency of the above PPRE 
15 regions, gel retardation experiments were carried out consisting in studying the 
binding between one of the four sequences above, radiolabeled beforehand, in the 
presence of increasing quantities (5 and 10 \x\) of PPARy and RXR proteins prepared 
in Cos-1 cells (PPARy/RXR ratio=3:1). The results obtained are presented in Figure 
2. 

20 These results show that the sequences constructed bind the heterodimer 

PPAR/RXR. The sequence DR1 binds a dimeric complex whereas the sequences 
(DR1)2 17, (DR1)2 21 and (DR1)2 31 bind the dimeric complex but also a retarded 
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complex of high molecular weight which is thought to correspond to a double 



neterodimer KKAK/KXKTMoreover, the~quantities^f-the dimeFic-and^igh-molecular_ 



□ 

m 



ha*. 



weight complexes are variable from one sequence to another. This suggests that 
these three sequences bind the RXR/PPARy complexes with a different 
cooperativity. 

To know if the complexes observed come from the production of PPARy and 
from RXR in the Cos-1 cells, or alternatively from proteins present in these cells, 
these different sequences were incubated with extracts of nontransfected Cos-1 
8j (10 jal). The intensity of the complexes formed with these extracts is very weak, 
10 which is in favor of the production of PPARy and RXR proteins following the 
transfection of the cells (Fig. 2). 

With the aim of studying the cooperativity of the binding of PPAR/RXR to 
these different sequences, gel retardation experiments placing increasing quantities 
of Cos-1 extracts enriched with PPAR and RXR (1 jJ to 10 jal), followed by 
1 5 quantification of the radioactivity obtained, were carried out. The formation of the first 
PPAR/RXR dimer is characterized by the dissociation constant Kdll, that of the 
double dimer, or tetramer, is characterized by the dissociation constant KdlV. The 
Kdll/KdIV ratio (R) is the reflection of the cooperativity of the binding if it is greater 
than 1 . 

20 The various dimeric and tetrameric complexes and the free probe were 

quantified by means of a Phosphorimager and represented in Figure 3. The 
cooperativity ratios were calculated by means of the abovementioned formula. The 
sequences (DR1)2 17 and (DR1)2 31 bind as many dimeric and tetrameric forms. 
The cooperativity ratios are 9 and 12.6 respectively. However, the sequence (DR1)2 
25 21 exhibits a different binding profile. The dimeric form forms only 20% of the total 
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binding, whereas the tetrameric form forms 80% of the total binding. The 
cooperativity ratio is 34 +7^TT ~ 



These results as a whole show that the three sequences used cooperatively 
p bind PPAR and RXR. The sequence which exhibits the best cooperativity of binding 

[§ 5 is(DR1)2 21. 

05- 2-2 binding of PPARa 

W 

CO Similar experiments were carried out with PPARa. The vector for expressing 

05 

~ the a isoform of PPAR was transfected into Cos-1 cells. Total extracts of the latter 

pi were prepared as described in the section Materials and Methods. Gel retardation 

M 10 experiments using the four radiolabeled sequences and increasing quantities of 

4* 

□ Cos-1 extracts enriched with PPARa and RXR (rapport3/1) were carried out. The 

bands corresponding to the dimeric (D) or tetrameric (T) forms or the free probe (P) 
were cut out of the gel and then quantified by counting on a beta scintillation counter 
(Figure 4). The thermodynamic model described above was applied with the aim of 
15 calculating the ratios of cooperativity of binding of the PPARa/RXR heterodimer to 
the different sequences studied. 



By contrast to what was observed with PPARy, the cooperativity ratios 
obtained with the sequences (DR1)2 21 and (DR1)2 31 are equivalent (R=11.2 and 
1 1.6 respectively). The cooperativity ratio obtained in the case of the element (DR1)2 
20 17 is less than the preceding two (R=7). In this case also, the three synthesized 
sequences cooperatively bind PPARa, the sequences (DR)2 21 and (DR1) 2 31 
exhibiting the best binding cooperativity. 
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EXAMPLE 2: Construction and functional analysis of a vector comprising 
a hybrid promoter: ~~ — ~ 



This example describes construction of plasmids comprising a hybrid 
y 5 promoter of the invention, and demonstrates its induction properties by various 
03 inflammation mediators. 

61 
bi 

^ 1) Construction of the plasmids and functional tests 

The fragment -247/+20 of the promoter of sPLA2 MA (SEQ ID NO : 5) was 

yj 10 subcloned upstream of the CAT reporter vector for the plasmid PUC-SH-CAT. 

Upstream of this promoter, the different PPRE sequences cited above (SEQ ID NO : 
p 1-4) were inserted. 

The rabbit chondrocytes were then transfected with the CAT constructs 
containing the different arrangements of PPRE (DR1) placed upstream of the 
15 minimal promoter of sPLA2-IIA. 15 deoxy A 12 " 14 PGJ2 (10 jaM) (activator of PPARy) 
or Wy-14643 (200 (xM) (activator of PPARa) were then added to the culture medium 
for 24 hours. The results obtained are presented in Figure 5. 

The results show that the minimal promoter (-247/+20) of sPLA2-IIA, which 
does not contain known PPRE sites, is not activated by PGJ2 or by Wy 14643. 
20 However, the different arrangements of DR1 are activated at different levels by the 
inducers of PPARy or of PPARa. It is possible to classify them in the following 
increasing order: DR1< (DR1) 2 17= (DR1) 2 31< (DR1) 2 21 in the case of PPARy. On 
comparing the binding results with the functional results, it is observed that the 
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sequence (DR1) 2 21, which has the best binding cooperativity, exhibits the best 

functional syngergy. ~ ™ 

In the case of PPARa, the order of inducibility by Wy-14643 is different from 
that established in the case of PGJ2. DR1< (DR1) 22 1< (DR1) 2 i 7 < (DR1) 23 i- The gel 
retardation experiments are not in perfect agreement with the transient transfection 
experiments. The binding experiments showed that the sequences (DR1) 2 21 and 
(DR1) 23 i bind PPARa with the same cooperativity (R=11) whereas the sequence 
(DR1) 2 17 exhibits a lower binding cooperativity (R=7). 

2- Combined effects of IL-1, of glucocorticoids and of inducers of PPARa 
(fib rates) and PPARy (15 dioxy A12-14 PGJ2) on the synthetic promoter: 

Rabbit chondrocytes were then transfected, either with the minimal promoter 
of SPLA2-IIA, or with the sequence (DR1) 2 21 placed upstream of the latter (hybrid 
promoter). PGJ2 (10 jiM) and/or IL-1 (10 ng/ml) are added to the culture medium. 

The results obtained are presented in Figure 6. These results show that IL-1 
induces the promoter of SPLA2-IIA 6 fold. The prostaglandin J2 or Wy-14643 have 
no effect on this promoter (results not shown). In the case of the construct (DR)2 21- 
(-247/+20) SPLA2-CAT, IL-1 and PGJ2 induce this promoter 4 fold. The two 
combined products have a synergistic effect (13-fold induction relative to the basal 
activity) (Fig. 6). 

This same type of experiment was carried out with Wy-14643. This compound 
is an inducer specific for PPARa. Wy-14643 (200 jiM) activates the transcription of 
the construct (DR)2 21-(-247/+20) SPLA2-CAT about 3 to 4 fold. The effect of the 
combined IL-1 and Wy-14643 is synergistic (20-fold induction). 



ST00010 US NP 



33 

The effect of dexamethasone was moreover tested on the synthetic promoter 
7-247/+20)-(DR1)2~^TOAT, either atone-or combined- with VVy-164637 P-G J2^or4L^1 
Dexamethasone activates the transcription of this promoter by about 6 fold. These 
results show that the circulating glucocorticoids such as Cortisol, or administered 
during a treatment, can activate this hybrid promoter. 

The effect of some nonsteroidal anti-inflammatory drugs such as indomethacin 
or ibuprofen was also tested on the synthetic promoters. The results obtained show 
that indomethacin (1CT 4 M) activates by about fivefold the construct (DR1)2 21-(- 
247/+20)-CAT whereas ibuprofen (10" 4 M) activates this promoter 17 fold. 

Finally, the levels of transcriptional activities reached by a viral promoter, such 
as the RSV (Rous Sarcoma Virus) promoter, and that of the synthetic promoter were 
compared. The basal transcriptional activity of the synthetic promoter is low, it is less 
than 5% of the activity of the RSV viral promoter. After induction with the different 
effectors, the synthetic promoter exhibits a level of transcriptional activity which 
reaches 40% of that of RSV (results not shown). The promoter constructed 
according to the present invention is therefore characterized by a high induced 
transcriptional activity comparable to the viral vectors currently used in gene therapy, 
and a low basal activity. 

Conclusions 

Hybrid synthetic promoters inducible by the components of inflammation, that 
is to say the pro-inflammatory cytokines such as IL-1 (5, as well as the pro- 
inflammatory fatty acids, such as the prostaglandins or the leukotrienes were 
developed. Furthermore, the circulating or locally administered glucocorticoids as 
well as the nonsteroidal anti-inflammatory drugs, such as ibuprofen or indomethacin, 
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are capable of activating the transcription of these promoters. These promoters 
therefore constitute an effective means of modulating the activity-of-genes-aGGording 
to whether an anti-inflammatory treatment is administered or not. These 
characteristics make it possible to envisage a controllable (on/off) effect on the 
synthesis of the medicament gene. It is important to note that this synthetic promoter 
has a very low basal activity, whereas it has a transcriptional activity induced by the 
endogenous or exogenous stimuli comparable to the viral vectors in efficiency. 
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